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SURFACE-SHAPED LIGHT IRRADIATION DEVICE 
BACKGROUND OF THE INVENTION 
Field of the Invention 
The present invention relates to a surface-shaped light irradiation device of a side 
5 light type which uses a dot light source. 

Description of the Related Art 
Conventionally, for the purpose of backlighting a liquid crystal display element, a 
light source is arranged in front of one end surface of a rectangular light guiding plate, 
and light emitted from this light source is introduced into this light guiding plate so as to 
10 be emitted from one plate surface of this light guiding plate. A surface-shaped light 
irradiation device of a side light type is widely used, which illuminates the liquid crystal 
display element with this light guiding plate oppositely arranged at the back of the liquid 
crystal display element. As a light source of this type of illumination device (light 
irradiation device), a dot light source such as a light emitting diode (hereinafter referred to 
15 as LED) or the like is employed in order to promote compactness and slimness of the 
liquid crystal display module including the backlight. 

Such a surface-shaped light irradiation device of a side light type using a light 
emitting diode as a dot light source is disclosed in, for example. Unexamined Japanese 
Patent Application KOKAI Publication No. H8-3 13902. 
20 It is required of the surface-shaped light irradiation device using the dot light sovirce 
that the dot light source be accurately set at a predetermined position with respect to the 
light guiding plate without fail. The reason for this is as follows. Since the dot light 
source is a light source which emits light radiately, it has more difficulty in obtaining a 
surface-shaped irradiation light having an intensity which is uniform over an entire light 
25 emitting area defined on a light emitting surface of the light guiding plate, than a linear 
light source such as a cathode tube or the like which emits light linearly, and thus various 
optical structures for obtaining an irradiation light having a uniform intensity distribution 
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are employed therefor. As examples of such optical structures, a concentric ditch having 
its center correspond to the position at which the dot light source is set is formed in the 
back surface (counter light emitting surface) of the light guiding plate, or a prism sheet in 
which likewise a concentric ditch is formed is arranged at the side of the front surface 
5 (light emitting surface) of the light guiding plate. 

Since there are differences in thermal expansion coefficient and shrinkage ratio 
among the components constituting the surface-shaped light irradiation device using the 
dot light source, repetition of heating and cooling of this light irradiation device due to 
changes in atmospheric temperature and turning on/oflf of the device itself causes the dot 

10 light source to slide from the right set position or changes the setting state of the dot light 
source, resulting in unevenness in the intensity distribution of the surface-shaped 
irradiation light and degradation of the intensity. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a surface-shaped light irradiation 

15 device using a dot light source and capable of obtaining an irradiation Ught having a 
uniform intensity distribution and sufficient average intensity stably for a long time. 

To achieve the above object, a surface-shaped light irradiation device according to a 
first aspect of the present invention comprises: a dot light source which emits a light 
substantially radiately; and a light guiding plate which comprises a light entrance end 

20 surface from which a light emitted from the dot light source enters, a light emitting 
surface which is one principal surface for guiding the light entering from the light 
entrance end surface and emits a substantially uniform light therefrom, and a back surface 
which is the other principal surface oppose to the light emitting surface, and further 
includes a retaining section which retains the dot light source at a predetermined set 

25 position. 

According to the surface-shaped light irradiation device of the present invention 
structured as described above, since the retaining section for retaining the dot light source 
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at a predetermined set position is formed at a part of the light guiding plate, even if the 
light guiding plate repeats expansion and contraction due to changes in the atmospheric 
temperature and repetition of heating and cooling in accordance with turning on/off of the 
dot light source, the relative position of the dot light source with respect to the light 
5 guiding plate does not change. Accordingly, it is possible to enable the surface-shaped 
light irradiation device using the dot light source to obtain an irradiation light having a 
uniform intensity distribution and sufficient average intensity stably for a long time. 

In the surface-shaped light irradiation device of the present invention, it is preferred 
that the retaining section be formed on the light entrance end surface positioned at one 

10 end of the light guiding plate, and be constituted by a caved portion into which the dot 
light source fits or by a wall which is formed so as to surround the dot light source, and 
the caved portion or the wall be formed integrally with the light guiding plate by being 
formed extendedly fi-om the light entrance end surface. 

In the surface-shaped light irradiation device of the present invention, it is preferred 

15 that the dot light source comprise a flat light emitting surface for emitting a light toward a 
part of an external surface, and be retained by the retaining section in a state where the 
light emitting surface abuts on the light entrance end surface of the light guiding plate. 
Due to this, it is possible to retain the set position of the dot light source more stably, and 
to more improve the intensity of the irradiation light by efficiently utilizing the emitted 

20 light without any loss. Further, it is preferred that the dot light source be fixed inside the 
retaining section by an adhesive agent stuffed between its surface other than the light 
emitting surface and the retaining section, the retaining section comprise a wall which is 
formed in such a maimer as to protrude firom the light entrance end surface positioned at 
one end of the light guiding plate and to surround the dot light source, and a hole for 

25 storing an adhesive agent be formed in the wall. 

Furthermore, it is preferred that the dot light source be mounted on a flexible wiring 
board on which a circuit for lighting the dot light source is formed, and a part of the 
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flexible wiring board be adhered to a back of the light guiding plate oppose to the light 
emitting surface of the light guiding plate by an adhesive member. Due to this, the 
surface-shaped light irradiation device can further be compacted and slimmed. It is 
further preferred that a both-surface adhesive tape be used as the adhesive member. Due 
5 to this, it is possible to manufacture the surface-shaped ligjit irradiation device of the 
present invention easily with a less nximber of manufacturing steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 
- These objects and other objects and advantages of the present invention will become 
more apparent upon reading of the following detailed description and the accompanying 
10 drawings in which: 

FIG. 1 is a top view showing a backlight device for liquid crystal display element as 
one embodiment of the present invention; 

FIG. 2 is a cross section of the backlight device shown in FIG. 1 as sectioned along 
alinell-II; 

15 FIGS. 3 A and 3B are partially enlarged cross sections showing the principal 

components in the cross section shown in FIG. 2 in enlargement, where FIG. 3A shows 
the initial state after manufacturing and FIG" 3B shows a state in the process of usage; 

FIG. 4 is a cross section of the backlight device shown in FIG. 1 as sectioned along 
a line IV-IV; and 

20 FIGS. 5A and 5B are partially enlarge cross sections of a backlight device as a 

comparative example with respect to the embodiment of the present invention, where FIG. 
5A shows the initial state after manufacturing and FIG. 5B shows a state in the process of 
usage. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
25 An embodiment of the present invention will now be specifically explained with 
reference to the drawings. 

A backlight device for a liquid crystal display element as one embodiment of the 
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present invention will be explained based on FIG. 1 to FIG. 4. 

FIG. 1 is a top view showing a state where a backlight device according to the 
present embodiment is contained in a containing case 10. The containing case 10, 
whose appearance viewed from the top (hereinafter referred to as top view appearance) 
5 forms a rectangle, comprises a light guiding plate containing region 1 1 whose three sides 
are surrounded by side walls 11a to 11c, and a light source imit containing region 12 in 
which a light source and its accompanying circuit substrate, etc. i.e. the light source 
function of the present backlight device are/is contained. 

A light guiding plate 20 made of a transparent material such as acryl resin or the like 

10 is contained in the light guiding plate containing region 11. The light guiding plate 20 is 
contained in the light guiding plate containing region 1 1 such that its flat end surfaces on 
three sides are along the intemal surfaces of the flat side walls 11a to 11c of the light 
guiding plate containing region 1 1 . The end surface on the remaining one side of the 
light guiding plate 20 forms a light entrance portion from which light is introduced. The 

15 light guiding plate 20 comprises a light entrance end surface 20a from which light emitted 
from LEDs (light emitting diodes) 30 and 31 as dot light sources enters, a light emitting 
surface 20c which, as one principal surface, guides the light entering from the light 
entrance end surface 20a thereto and emits a substantially xmiform light therefrom, and a 
back surface 20b which is the other principal surface oppose to the light emitting surface 

20 20c. 

The light entrance end surface 20a, which is on the side on which the light entrance 
portion of the light guiding plate 20 is formed, has retaining sections 21 and 22 for 
retaining therein the LEDs 30 and 31 as the dot light sources formed symmetrically with 
respect to the center of the end surface 20a. The retaining sections 21 and 22 of the 
25 present embodiment is formed into a frame structure constituting a U shape as a top view, 
and is integrally formed with the body of the light guiding plate 20 when the light guiding 
plate 20 is formed of resin. That is, the retaining sections 21 and 22 are constituted by 
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caved portions which the dot light sources made of the LEDs 30 and 31 fit into or by 
wails formed so as to surround the dot light sources, and are formed integrally with the 
light guiding plate 20 with the light entrance end surface 20a of the light guiding plate 20 
extended accordingly. The number of manufacturing steps required does not increase by 
5 forming the retaining sections 21 and 22 in this manner. 

As shown in FIG. 2, each of the LEDs 30 and 31 is directly moimted on a flexible 
wiring board 40 at a predetermined position by a COF (Chip On Film) method. That is, 
compacting and slimming of the light irradiation device is further promoted by directly 
mounting the LEDs 30 and 31 on the flexible wiring board 40 which is thin no more than 
10 approximately 100 |am. The flexible wiring board 40 on which the LEDs 30 and 31 are 
mounted is fixed on the back surface 20b of the light guiding plate 20 via an adhesive 
member. 

With reference to FIG. 3 A showing principal components in FIG. 2 in enlargement, 
the back surface 20b of the light guiding plate 20 of the present embodiment has a light 

15 reflecting film 50 adhered thereto by an adhesive layer 60 over approximately the entire 
area thereof except the frame-like retaining sections 21 and 22. In this case, the light 
reflecting film 50 is adhered with its end surface 50a brought into straight arrangement 
with respect to the light entrance end surface 20a of the light guiding plate 20 to be on a 
common plane. The aforementioned flexible wiring board 40 on which the LEDs 30 and 

20 3 1 are mounted is adhered on the back of the light reflecting film 50 by a both-surface 
adhesive tape 70. In this case, the flexible wiring board 40 is adhered on the back of the 
Hght reflecting film 50 such that flat light emitting surfaces 30a and 31a of the LEDs 30 
and 31 airtightly contact the flat light entrance end surface 20a of the light guiding plate 
20 and the end surface 50a of the light reflecting film 50 which is in straight arrangement 

25 with the light entrance end surface 20a. 

As shown in FIG. 3 A, the both-surface adhesive tape 70 of the present embodiment 
is formed by stacking adhesive layers 70b and 70c having a thickness of approximately 5 
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to 10 )am on both of the front and back of a base film 70a having a thickness of 
approximately 40 jim, and is provided between the flexible wiring board 40 and the back 
of the Ught reflecting fihn 50 over an area from the end surface of the flexible wiring 
board 40 at the side the LEDs 30 and 3 1 are not mounted till the LEDs 30 and 3 1 . 
5 The LEDs 30 and 31, which are set at predetermined positions by the both-surface 
adhesive tape 70 and the flexible wiring board 40, are kept in the appropriate state at the 
predetermined set positions by the frame-like retaining sections 21 and 22 which are 
formed integrally with the light guiding plate 20. That is, the LEDs 30 and 31 are 
surrounded by the retaining sections 21 and 22 on three sides other than their light 

10 emitting surfaces 30a and 31a, have their respective flat light emitting surfaces 30a and 
31a abut airtightly on the flat end surface 20a of the light guiding plate 20, and have their 
rear surfaces 30b and 31b behind the light emitting surfaces 30a and 31a adhered on the 
opposing inner surfaces of the frame-like retaining sections 21 and 22. In this case, the 
depth d of the LEDs 30 and 3 1 and the inner width w of the retaining sections 21 and 22 

15 are so determined as to bear slight clearances g between the rear surfaces 30b and 31b and 
the inner surfaces of the frame-like retaining sections 21 and 22. An adhesive agent 80 
is poured into these clearances g. As shown in FIG. 4 which shows a cross section of 
FIG. 1 as sectioned along a line IV-IV, holes 21a and 22a for adhesive agent storage are 
bored in the centers of the portions of the retaining sections 21 and 22 that are opposed to 

20 the rear surfaces 30b and 31b of the LEDs 30 and 31. These adhesive agent storage 
holes 21a and 22a serve as holes from which the adhesive agent is poured and also serve 
as buffers which swallow and store an excess amount of the adhesive agent when it is 
poxired or an amount of the agent that is thermally expand when the temperature rises. 

As shown in FIG. 2, the light source unit of the backlight device for liquid crystal 

25 display element according to the present embodiment whose LEDs 30 and 31 are retained 
at the aforementioned predetermined set positions, is contained in the light source unit 
containing region 12 of the containing case 10, and the light source unit containing region 
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12 is formed deeper than the light guiding plate containing region 11 by a dimension 
obtained by adding the thickness of the flexible wiring board 40 and the thickness of the 
both-surface adhesive tape 70. Accordingly, at the initial stage when the present 
backlight device is contained in the containing case 10, the back of the light guiding plate 
5 20 (the back of the light reflecting film 50) is placed along a bottom surface 1 Id of the 
light guiding plate containing region 11, and the flexible wiring board 40 is placed along 
a bottom surface 12a of the light source unit containing region 12. Consequently, at this 
initial stage, the LEDs 30 and 31 can be retained at the appropriate set positions at which 
the respective light emitting surfaces 30a and 31a airtightly contact the light entrance end 

10 surface 20a of the light guiding plate 20, without the need of providing the retaining 
sections 21 and 22 to the light guiding plate 20. However, if heating and cooling are 
repeated in accordance with changes in the atmospheric temperature or turning on/off of 
the backlight device itself, the set positions and setting state of the LEDs 30 and 31 begin 
to change due to differences in thermal expansion coefficient and shrinkage ratio among 

15 the structural components such as the light guiding plate 20, the flexible wiring board 40, 
the both-surface adhesive tape 70, etc. This state will be explained based on FIG. 5A 
and FIG. 5B. 

FIG. 5A is a cross section showing an example where the fi-ame-like retaining 
sections 21 and 22 are not provided to the light guiding plate 20 of the present 

20 embodiment, as a comparative example, and shows the initial stage when the present 
backlight device is contained in the containing case 10. At this initial stage, the back of 
the light guiding plate 20 (the back of the light reflecting film 50) is placed along the 
bottom surface 1 Id of the light guiding plate containing region 1 1 and the flexible wiring 
board 40 is placed along the bottom surface 12a of the light source unit containing region 

25 12, and the LED 30 is kept in a state where its light emitting surface 30a airtightly 
contacts the light entrance end surface 20a of the light guiding plate 20. 

FIG. 5B shows a state where the present backlight device is repeatedly subjected to 
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heating and cooling due to changes in the atmospheric temperature or turning on/off of 
the device itself. Since according to the present embodiment, the flexible wiring board 
40 is adhered by the both-surface adhesive tape 70 to the light reflecting film 50 which is 
adhered onto the back surface 20b of the light guiding plate 20, total of three reversible 
5 adhesive resin layers, namely the two adhesive layers 70b and 70c of the both-surface 
adhesive tape 70 and the adhesive layer 60, intervene between the structural components. 
If these reversible adhesive resin layers are heated and softened and thereby thinned by 
flovmig out from between the components, and then in this state cooled and hardened, a 
gap is produced between the flexible wiring board 40 and the bottom surface 12a of the 

10 light source unit containing region 12, This causes the area of the flexible wiring board 
40 where the LED 30 is mounted to be dropped down due to the weight of the LED 30, 
etc. and causes the mounted LED 30 to be apart from the light entrance end surface 20a 
and slanted, as shown in FIG. 5B. As a result, the ratio of the light to be emitted toward 
a desired direction from a light emitting area and used as a surface-shaped irradiation 

15 light with respect to the light emitted from the LED 30 is lowered, which means that the 
loss of light is increased, and the intensity of the surface-shaped irradiation light is 
lowered. 

However, in the siirface-shaped light irradiation device of the present invention, the 
frame-like retaining sections 21 and 22 are provided to the light guiding plate 20 as 

20 described above, in order to keep the light emitting svirfaces 30a and 31a of the LEDs 30 
and 3 1 in airtight contact wdth the light entrance end sxirface 20a of the light guiding plate 
20. Therefore, even if the adhesive layers 70b and 70c of the both-surface adhesive tape 
70 and the adhesive layer 60 experience the same softening and shrinking effects as 
explained with reference to FIG. 5B and the back of the flexible wiring board 40 goes up 

25 off the bottom surface 12a of the light source unit containing region 12, the LEDs 30 and 
31 are kept at the desired right set positions where the light emitting surfaces 30a and 31a 
airtightly contact the light entrance end surface 20a of the light guiding plate 20, as shown 
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in FIG. 3B. 

Here, also the adhesive agent 80 for adhering the rear surfaces 30b and 31b of the 
LEDs 30 and 31 to the inner surfaces of the frame-like retaining sections 21 and 22 is 
heated and softened as well as the adhesive layer 60, etc. However, since the retaining 
5 sections 21 and 22 are integrally formed with the body of the light guiding plate 20, if the 
light guiding plate 20 is heated and thermally expanded, the clearances g expand 
accordingly, and if the light guiding plate 20 is cooled and contracted, the clearances g 
contract accordingly. Therefore, the adhesive agent 80 does not fall off the rear surfaces 
30 b and 31b of the LEDs 30 and 31 and the inner surfaces of the retaining sections 21 
10 and 22. 

Since in the surface-shaped light irradiation device of the present invention, the 
frame-like retaining sections 21 and 22 are integrally formed with the body of the light 
guiding plate 20 as described above, even if heating and cooling are repeated for a long 
time in accordance with changes in the atmospheric temperature and turning on/off of the 

15 Ught irradiation device itself, the LEDs 30 and 31 can be kept securely for a long time at 
the desired set positions and setting state described above, i.e. the right setting state where 
the light emitting surfaces 30a and 31a airtightly contact the light entrance end sxuface 
20a of the light guiding plate 20. As a result, it is possible to provide a surface-shaped 
light irradiation device using dot light sources, which can obtain a desired irradiation light 

20 having a sufficiently high average intensity and uniform intensity distribution, stably for a 
long time. 

The present invention is not limited to the above-described embodiment. 

For example, the set position where a dot light source such as an LED or the like 
should be retained is not liniited to the position where its light emitting surface 30a abuts 
25 on the light entrance end surface 20a of the light guiding plate 20, but may be a position 
apart from the light entrance end surface 20a with a predetermined interval between them. 

Further, the dot light source may be mounted on a nonflexible ordinary printed 
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circuit board (PCB), and this printed circuit board may be fixed onto the back of the light 
guiding plate 20. In this case, the defect of the printed circuit board being dropped 
downward to make the dot light source slanted hardly occurs, whereas the electrical 
connection parts of the dot light source and printed circuit board might be separated from 
5 each other due to difference in thermed expansion coefficient between the printed circuit 
board and the light guiding plate 20. However, the adhesive agent 80, which adheres the. 
rear surface of the dot light source to the retaining sections 21 and 22 of the light guiding 
plate 20, absorbs the difference in thermal expansion coefficient to avoid separation 
between the electrical connection parts of the dot light source and printed circuit board. 

10 Furthermore, the means for adhering the flexible wiring board 40 on which the dot 
light source is mounted to the back of the light guiding plate 20 is not limited to the 
both-surface adhesive tape 70, but the flexible wiring board 40 may be adhered to the 
back of the light guiding plate 20 by only an adhesive layer. 

Various embodiments and changes may be made thereunto without departing from 

15 the broad spirit and scope of the invention. The above-described embodiment is 

intended to illustrate the present invention, not to limit the scope of the present invention. 
The scope of the present invention is shown by the attached claims rather than the 
embodiment. Various modifications made within the meaning of an equivalent of the 
claims of the invention and within the claims are to be regarded to be in the scope of the 

20 present invention. 

This application is based on Japanese Patent Application No. 2002-379745 filed on 
December 27, 2002 and including specification, claims, drawings and summary. The 
disclosure of the above Japanese Patent Application is incorporated herein by reference in 
its entirety. 



